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THE CORBINO EFFECT IN VARIOUS CONDUCTORS, 
MEASURED BY THE ELECTROMAGNETIC 

TORQUE PRODUCED. 

B Y KEITH K. SMITH. 

INTRODUCTION. 

IF a circular metallic disk in which a radial current of electricity is 
flowing is brought into a magnetic field the paths of the electrical 

carriers are, in general, changed. Corbino1 first made such experiments 
upon a disk of bismuth, and found that a magnetic field normal to the 
plane of the disk produces in it a steady circular current of electricity, 
which reverses its direction on reversal of either the radial current or the 
magnetic field. He also observed that if the disk is suspended so that 
the lines of force are oblique to its plane, an electromagnetic torque 
tends to turn it about a vertical axis. The disk turns in the opposite 
direction when the radial current is reversed, but a reversal of the mag
netic field does not change the sense of rotation. In the latter respect 
this torque differs from the electromagnetic forces of Ampere, which 
depend upon the sense of the magnetic field. 

The theory proposed by Corbino to explain these effects assumed 
that the current in a metal is carried by both positive and negative ions. 
For each metal there is a characteristic constant, E, called the differ
ential moment of the ions, and equal to (evi<ri/<r) — (eviGijo), where 
evi and ev2 are the absolute velocities of the positive and negative ions, 
respectively, in an electrical field of unit strength. 0-1/0- and 0-2/0- are 
the partial conductivities of the two kinds of ions. The density of the 
circular current produced when the radial current is C and the intensity 
of the magnetic field is H, is equal to ECU- cos (t>/2wrd, where d is the 
thickness of the disk, r the distance from the center, and <j> the angle 
between the normal to the plane of the disk and the lines of force. Let 
r 1 be the external radius of the disk, and r% the radius of the wire through 
which the current enters or leaves the center of the disk. Then the 
total circular current is 

Cr2ECHd'CO$4> 7 ECH-cos<t>, r2 (I) I = — I - dr = — log ~ 

1 Phys . Zeits., XI I . , pp. 561-568, 1911. 
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The energy of the disk in the magnetic field is 

(II) W = - - r ^ ^ 0 0 8 ^ -^-dr-H cos <j> = - ^ECH*S-cos* <£. 
2jri 2wr * 8TT V 

5 is equal to ir(r22 ~ fi2), the effective area of the disk. The torque 
tending to increase <f> is 

dW 1 
( I I I ) - — = - ~ECSH2-sin 24>. 

0(p 07T 

Assuming tha t the current is carried by electrons only, Professor 

Adams1 obtained similar expressions for the circular current and the 

torque, viz. : 

(IV) J = _ ^ l o g -
4-Trm & rx 

_dW _eH2CTS-sin 2$ 

d(j) l6irm 

which agree with (I) and (III) when E is replaced by eTJ2m. e is the 

charge on an electron, m its mass, and T the free t ime of an electron 

between collisions with the metallic atoms. The value of E, or T> can 

be determined by measuring either the circular current or the torque. 

Adams and Chapman2 measured the current in various metals, and 

found variations both in sign and magnitude. In bismuth the circular 

current has the same direction as the magnetizing current when the 

radial current flows outward from the center; in ant imony the circular 

current is about one tenth as large, and is in the opposite direction. 

The former effect is called negative, the lat ter positive. On the theory 

t ha t the current is carried wholly by electrons, the Corbino effect, as 

well as the Hall effect, should be negative in all metals. Both positive 

and negative effects are provided for in the theory developed by Corbino, 

the sign being positive when E is positive, t ha t is, when the mobility 

of the positive carriers exceeds tha t of the negative. 

The object of the investigation described in this paper was to measure 

the electromagnetic torques acting on disks of various metals, and to 

compare the results with the above mentioned measures of the currents. 

E X P E R I M E N T A L ARRANGEMENTS. 

The radius, r2, of the disks employed was 1.06 cm., the radius, fi, 

of the hole a t the center was 0.05 cm. T h e effective area, 5 , was there

fore 3.52 sq. cm. The tellurium and tungsten disks were 1.6 mm. thick; 

the others were 0.8 mm. in thickness. The rim of a disk was soldered 
1 Phil. Mag., Vol. X X V I L , pp. 244-252, 1914. 

, 2 Phil. Mag., Vol. X X V I I L , pp . 692-702, 1914. 
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to the inside of a short brass ring, which was threaded at the other end 
so that it could be screwed to a brass disk of the same size. The latter 
was divided into eight equal sectors by radial saw-cuts, so that the 
flow of circular currents in it was prevented. To the center of the 
slit disk was soldered a long copper tube, which was so fashioned that 
when the whole apparatus was suspended the lower end of the tube was 
directly under the first disk, and about 17 cm. from it. The tube en
closed an insulated copper wire soldered into the center of the first disk. 
At the bottom two parallel tungsten needles connected to the tube and 
wire respectively, and dipped into mercury cups. This was found to 
be the most satisfactory method of introducing the current into the 
suspended disk. 

The apparatus described above was suspended by a phosphor bronze 
wire 0.17 mm. in diameter and 30 cm. long, whose torsional coefficient, c, 
was equal to 1.87 dyne-cm. per degree. This coefficient was determined 
by observing the period of torsional vibration when the wire supported 
a cylinder whose moment of inertia was known. The upper end of the 
wire was clamped in the center of a divided torsion head, on which the 
readings were taken when the normal to the plane of the disk made an 
angle of 450 with the lines of force. A mirror fastened above the disk, 
and a lamp and scale were used to indicate the proper position of the 
disk. 

The pole faces of the electromagnet were 3.8 cm. in diameter and 
2.1 cm. apart, the latter distance being made as small as possible. The 
strength of the magnetic field was determined with a Grassot fluxmeter, 
and accompanying search coil, which was fastened to one of the pole 
faces. Scale deflections were calibrated in terms of gausses by means 
of a standard mutual inductance. A deflection of 1 mm. corresponded 
to a change of 19.1 gausses in intensity. 

The bismuth and antimony disks were cast in graphite molds, which 
had first been heated. This method was not satisfactory when tellurium 
was used, owing to the extreme brittleness of the metal. A short glass 
tube of the desired diameter was placed end up on a small glass plate, 
and both were heated on asbestos before the molten tellurium was 
poured in. The bismuth, antimony, and tellurium disks were made 
from " chemically pure " materials supplied by Eimer & Amend. The 
silver disk was supplied by Baker & Co., while the tungsten disk was 
made from a plate kindly furnished by Professor Hulett. After the 
disk had been ground to the proper size, it was covered with a thin 
plate of copper, on the parts where it was necessary to apply solder. 
The graphite disk was likewise electroplated so that it could be fastened 
to the ring and wire. 
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DETERMINATION OF THE CORBINO TORQUE. 

If all other torques were eliminated we should expect that the angle 
through which the torsion head must be turned to restore the disk to 
its original position would be KH2C- sin 2<£, in which 

c \ ST ) c \l6irnij 

K will be taken as negative when the Corbino effect is negative. The 
angle would change sign on reversal of the current, but would remain 
unchanged in magnitude and sign on reversal of the field. It was found 
that while these conditions were not realized in practice, owing to the 
presence of extraneous torques, it was possible to eliminate the latter, 
as the following analysis will show. 

When the current in the disk is not strictly radial, but has a circular o 

component, even in the absence of a magnetic field, a torque is produced, 
and the angular twist required to counterbalance this Ampere effect is 
-4iIC-sin <£, in which the factor A varies in magnitude and sign in the 
different disks. In spite of the care taken in the construction of the 
disks and attached parts, it was found that this effect was quite large. 
Lack of symmetry in the disk or connections causes this departure from 
ideal conditions. 

Furthermore, even when there is no current flowing in the disk, it is 
acted upon by a torque which depends upon the magnetic properties of 
the material. A disk made from a paramagnetic substance tends to 
turn so that the normal to its plane is at right angles to the lines of force; 
while a diamagnetic disk tends to turn so that the normal is parallel 
to the lines of force. Let the angular twist required to balance this 
magnetic torque be M, and let it be positive for a paramagnetic disk, 
and negative for a diamagnetic disk. All except the antimony and 
tungsten disks were diamagnetic, and in every case the magnetic torque 
was quite small. For the ferromagnetic metals, however, it would be 
so large that a stiff suspension would be required, and the Corbino effect 
could probably not be measured by the present method. 

Let 0o be the reading of the torsion head in the absence of a magnetic 
field, and with no current flowing. Then for any field H and radial 
current C, the reading of the torsion head after the disk has been restored 
to its original position is 60 =b M ± AHC-sin cj> ± KH2C-sin 2$. The 
choice of signs to be prefixed to the various terms depends upon the 
orientation of the disk. For example, there are four different positions 
in which the disk may be placed so that its normal makes an angle of 45° 
with the lines of force. The sign before the A term would change if the 

file:///l6irnij
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disk were turned 1800; while the signs before the M and the K terms 
would change every 900. 

A determination of K required at least four readings of the torsion 
head, as follows: (1) with H positive, C negative; (2) with H positive, 
C positive; (3) with H negative, C negative; (4) with H negative, C 
positive. 

An actual example will show more clearly how K was determined. 
For the bismuth disk the four equations involving K were as follows: 

(1) 0O + \M\ - \AHC sin <j>\ + K\H2C-sin 2<j>\ = 6lt 

(2) d0 + \M\ + \AHC sin 0| - K\H2C-sin 2<j>\ = 02, 

(3) do + \M\ + \AHC sin <f>\ + K\H2C-sin 2</>\ = dZj 

(4) do + |Jlf I - \AHC sin 0| - X|H2C-sin 2^| = 0A, 
whence 

4 'C-sm2<j>'H2 H2 

K' is the twist that would be required with the absolute electromagnetic 
unit of current (10 amperes). 

01 

127.8 

127.9 

127.65 
127.9 

126.75 

127°.60 

02 

299.1 
299.65 

299.25 

299.35 

299°.34 

03 

281.5 

281.75 
281.45 
281.7 

281.4 

281°.56 

04 

146.4 
146.25 

146.25 
146.3 

146°.30 

H — 2160 gausses 

H = 4.67 X 106 

C — 5.46 amperes 
= 0.546 E.M. units 

<f> = 45° sin 2cf> = 1 

K' = - 16.65. K = - 3.57 X 10"6. 

5 = 3.52 sq. cm. c = 1.87 dyne-cm. per degree. 

E1 = ~8TTK = 13.35K = - 4.77 X 10"5. 

— = 1.77 X 1 0 7 E . M . units . 
m 

c 2mK 
T = - 8TT = 15.1 X 10"7 K = 5.40 X lO-i* sec. 

o e 

RESULTS OF THE EXPERIMENTS. 

Bismuth. 
After preliminary experiments upon a brass disk had shown that no 

Corbino torque could be detected in this metal, a disk of bismuth was 
1 We may regard E as defined by the relation transverse electric intensi ty = E[HR], 

where [HR] s tands for the vector product of the magnetic intensity and the radial electric 
intensity. Cf. Adams, Proc. Amer. Phil. S o c , LIV., No. 216, pp. 47-51 , 1915. 
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tried. The torque observed was negative, and directly proportional to 
the radial current, which varied from 1 to 7 amperes. The following 
table shows the results obtained when the magnetic field intensity was 
varied. 

H 

760 
1145 
1630 
2160 
2720 
3590 
4050 
4240 
4330 
4620 
4890 
5170 
5440 

No. of Deter
minations. 

16 
5 
8 
8 
16 
7 
4 
8 
16 
4 
2 
44 
15 

K' 

- 3.22 
- 5.79 
- 11.0 
- 16.65 
- 25.3 
-39.7 
-48.8 
- 52.9 
- 53.2 
-57.9 
-61.0 
- 73.5 
-75.9 

K 

- 5.57 X 10"6 

-4.42 
-4.14 
-3.57 
- 3.42 
-3.08 
- 2.98 
-2.94 
- 2.83 
- 2.72 
-2.55 
-2.75 
- 2.56 

E 

- 7.42 X 10"5 

-5.90 
- 5.52 
-4.77 
-4.57 
-4.11 
-3.98 
- 3.93 
-3.78 
- 3.64 
-3.40 
- 3.67 
- 3.42 

T 

8.40 X 10-
6.68 
6.25 
5.40 
5.18 
4.65 
4.50 
4.44 
4.28 
4.11 
3.85 
4.15 
3.87 

-12 

These results are shown graphically in Fig. 1, in which K'/io is plotted 
against H2. It is seen that the relation is not a linear one, and in fact 
this result is rather to be expected since Corbino,1 and later Adams and 
Chapman, found that for bismuth the circular current increased less 
rapidly than the magnetic field. The values of E calculated from the 
latter experiments (loc. ciL) vary from 7.22 X io~5 to 3.57 X io~*5, 
which fall between the limiting values of E shown in the table. This 
decrease in E is not surprising in view of the fact that all observers of 
the Hall effect in bismuth have found a decreasing coefficient with 
increasing magnetic fields. 

Antimony. 

The antimony disk was then put in the place of the bismuth disk, all 
other parts of the suspended system remaining as before. With no 
current flowing, the disk tended to turn in the magnetic field so that its 
normal was perpendicular to the lines of force. We should expect that 
antimony, being diamagnetic, would turn in the opposite direction, as 
bismuth had done. That this discrepancy was not caused by impurities 
(iron) in the brass parts, seems to be indicated by the fact that the 
disks of silver and tellurium, less diamagnetic than antimony, turned 

1 In II Nuovo Cimento, Serie VI., Tomo I., p. 409, 1911, Corbino has added to the paper 
already referred to, a determination of the torque acting on a bismuth disk. His method 
was practically identical with the one employed in the present experiments. He had 5 = 3 8 
sq. cm., H — 2,400, <j> = 180, C .= 0.02 E.M. unit, torque = 7.8 dyne-cm., whence E = 
7.6 X io~5. Apparently he made no measures for other fields or other metals. 
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in the same direction as the bismuth disk. It may be that the antimony 
contained impurities, which gave it paramagnetic properties. The 
twist required to balance this magnetic torque varied from I to 5 degrees, 
depending upon the strength of the field. 

The Corbino torque was first measured in strong fields and was found 
to be positive, but later in weak fields the sign was apparently reversed. 
When Kf was plotted against H2 the points fell along a straight line, which 

Fig. 1. 

did not pass through the origin, but had a negative intercept on the K' 
axis. The disk and suspended system were then rotated 1800 about the 
vertical axis, and observations were made in this second position. The 
points fell along a straight line parallel to the first line, the second inter
cept on the K! axis being equal and opposite to the first intercept. Evi
dently there had been no true reversal of the Corbino effect, but rather 
we had in Kf a measure of the Corbino effect, plus, or minus, another 
effect, the sign depending upon the position of the disk. Hence to obtain 
the proper values of K' the intercept (1 degree) was added to the first 
values and subtracted from the second values of K\ 

Obviously this correction does not change K, the slope of the line. 
The corrected values of K'/io are plotted against H2 in Fig. 1. 46 
determinations in the first position, and 69 in the second position give 
weighted mean values of K, equal to 2.92 X io - 7 and 2.94 X io - 7 
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respectively. Taking K = 2.93 X i o - 7 , we find E = 3.91 X i c r 6 . 

Adams and Chapman ' s measurements make E — 3.6 X io~6 . 

Since it was desired to determine a t least the approximate values of E 

for other metals besides b ismuth and antimony, the use of a stronger 

electromagnet was secured, and thus the effect to be measured could be 

increased three or four fold. 

Tellurium. 

On account of the fact t ha t the Hall coefficient is larger in tellurium 

than in any other metal, it was of considerable interest to measure the 

torque for a disk of this metal, especially as the circular currents had 

not been observed previously. Although the disk was of twice the 

thickness of the others, its resistance was so large tha t the radial currents 

had to be reduced, and 2.1 amperes were used. The torque was positive, 

bu t smaller than in ant imony. The results are shown in the following 

table: 
H 

1160 
6450 
6750 
8210 
9070 

Dets. 

2 
24 
4 
4 
4 

K 

1.48 X 10~7 

1.08 
1.21 
0.91 
1.22 

Weighted mean K = 1.1 X 10~7; E = 1.5 X 10"6. 

Graphite and Tungsten. 

For the graphite disk the results, which probably show only the order 

of magnitude, were as follows: 

H = 4580, K' = - 0.9, K = - 4.3 X io"8 , 

E = - 5.74 X 10-7, T = 6.5 X io"1 4 sec. 

For tungsten the torque was even smaller, bu t positive, the values of 

K and E being 1.2 X io~8 and 1.6 X io~7 respectively. T h e negative 

sign for graphite is to be expected from da ta on the Hall effect, bu t in 

the case of tungsten the writer has been unable to discover any da t a 

for comparison. 

Silver. 

In order to measure the effect in silver the suspension was replaced 
by a more sensitive phosphor bronze strip 6.2 cm. in length, whose 
torsional coefficient was 0.168 dyne-cm. per degree, instead of 1.87. 
I t was not practicable to measure the torque except in a strong field. 

H = 7650, K' = - 0.9, K = - 1.54 X io~8, 

E = - 2.1 X 10-7, T = 2.3 X io-1 4 . 
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Adams and Chapman found 

E = - 4 4 X io-7, T = 5-0 X io-

SUMMARY OF RESULTS. 

The results obtained with the various disks are collected in the fol
lowing table, together with data on the Hall effect. R is the Hall coef
ficient, and p the specific resistance, each in absolute electromagnetic 
units. For the metals von Ettingshausen and Nernst's1 determinations 
of R are shown, while the specific resistances are taken from the Recueil 
de Constantes Physiques (1913). The corresponding data for graphite 
are from Koenigsberger and Gottstein's paper.2 

Bi 
Sb 
Te 
Graphite 
Ag 
W 
Brass 

R 

- 10.1 
+ 0.192 
+ 530. 
- 0.695 
- 0.00088 

p 

1.1 x 105 

3.7 X 104 

1.5 X 108 

4.5 X 105 

1.5 X 103 

R\P 

- 9.2 X IO"5 

+ 5.2 X 10~6 

+ 3.5 X 10"6 

- 1.5 X 10~6 

- 5.9 X 10"7 

E 

- 7.4 X 10~5 

+ 3.91 X 10~6 

-f 1.48 X 10~6 

- 5.74 X IO"7 

- 2.06 X 10~7 

+ 1.56 X IO -7 

0 

While R and p vary over a large range for the different conductors, 
the range of variations of R/p is much more restricted, and the latter 
values are of the same order of magnitude as the corresponding Corbino 
coefficients, E. For tellurium, which has a very high specific resistance, 
the Hall coefficient is also very large, but the Corbino effect is less than 
in antimony. The position of graphite, a relatively poor conductor, is 
similarly changed with respect to antimony. While the exact quanti
tative relation between the numbers in the last two columns is not 
obvious, it is seen that the sign and order of magnitude of one effect can 
be predicted if the other is known. 

It has been shown by Steinberg3 that the Hall coefficient for cuprous 
iodide is directly proportional to its specific resistance, which can be 
varied over a large range by adding iodine to the normal compound. 
R varied from + 0.24 to + 11,000, the specific resistance corresponding 
to the latter value being 94 X io9. Hence Rip = 1.2 X io - 7 , which 
would indicate a Corbino effect less than for silver. It would be of inter
est to determine whether E is constant for varying amounts of iodine. 

1 Sitzungsber. d. k. Akad. d. Wiss. zu Wien, 94, p . 560, 1886. 
2 Phys . Zeits., 14, pp. 232-237, 1913. 
3 Ann. der Phys. , 35, pp . 1009-1033, 1911. 
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Measures of the circular current would be better adapted to this purpose 
than measures of the torque. 

In conclusion I wish to express my thanks to Professor Adams for 
suggesting this investigation, and for advice during the course of the 
experiments, which were performed in the Palmer Physical Laboratory 
of Princeton University. I wish also to thank Mr. F. Duryea, who 
constructed the apparatus employed. 
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